Background/Aims: Agriculture and industrial expansion in recent years have resulted in the undue discharge of arsenic into the environment, building arsenic toxicity a major worldwide anxiety. Oxidative stress is considered as the most conspicuous effect of arsenic toxicity. The current study was designed to evaluate the protective ability of sulforaphane (SFN) against arsenic (As) induced hepatotoxicity by activation of PI3K induced Akt and Nrf2 mediated signaling pathway. Methods: For this purpose, male Wistar rats were randomly distributed into 6 groups of 8 rats each: control, Arsenic (5mg/kg BW), SFN plus Arsenic (20, 40, 80 mg/ kg BW; 5mg/kg BW) and Vit. C plus Arsenic (100mg/kg BW; 5mg/kg BW). In this study, we have used spectrophotometry for enzymatic antioxidant assays, western blotting and PCR for protein and gene expression. Microtome for histological study. Results: The arsenicinduced oxidative damage was confirmed by a significant (p<0.05) increase in the levels of ALAD, As concentration and depletion in the antioxidant content. Furthermore, Arsenics treatments significantly (p<0.05) increased the pro-apoptotic marker (Bax) and DNA damage, with decreased Nrf2 protein responsible for liver protection. However, pretreatment with SFN significantly (p<0.05) decreased the levels of ALAD, Arsenic concentration, and brought antioxidant enzymes into normal levels. This was accomplished by inhibition of apoptotic markers via activation of PI3K, Akt and Nrf2 mediated signaling pathway as evident from western blotting and PCR techniques. Conclusion: Moreover, SFN pretreatment shield the liver histoarchitecture observed in Arsenic treated groups suggesting prevention of liver toxicity via
Introduction Arsenic (As) and a large number of its mixes are powerful toxins in the earth existing in natural and inorganic structures. They are broadly circulated in the earth and their introduction happens fundamentally through tainted water, food and soil [1, 2] . Today, arsenic contamination has turned into an overall concern. In nations like Bangladesh, Taiwan, India, China, Argentina and the USA, arsenic fixations in water have been found to be well over the most extreme satisfactory point of confinement as recommended by WHO rules [3] . Food is the main supply of intake of arsenic in areas where there are no natural or anthropogenic problems of arsenic contamination [4] . Arsenic is immediately ingested from the gastrointestinal tract and aviation route into the circulatory system and is subsequently dispersed to a several organs and causing hepatotoxicity, nephrotoxicity, neurotoxicity, disease, diabetes, atherosclerosis and cardiovascular brokenness [5] .
The liver is a complex organ comprising of very much characterized parts that work in an exceedingly coordinated manner. Various medications, synthetic chemicals and heavy metals have appeared to adjust its structure and capacity. Presently, a notable system of arsenic-initiated toxicity is the oxidative stress induction [6] . Inorganic trivalent arsenic (iAs (III)) is dangerous, which increases reactive oxygen species (ROS) via binding with vicinal thiols or biological ligands containing sulfur groups [7] . Recent studies propose that Arsenic applies its harmful impacts through an assortment of systems in which the most observable one is the overabundance of reactive oxygen species (ROS) [8, 9] . Lin et al., [10] reported that the oxidative stress may create obtained resilience to apoptosis, upgraded cell proliferation, adjusted DNA methylation, genomic instability, and abnormal estrogen signaling involved in the hepatotoxicity by Arsenic [11] .
Chelating specialists like British anti-lewisite (BAL) and Dimercaprol sulphonate (DMPS) have for quite some time been used as antidotes for the administration of arsenic toxicity. However, these agents indicated symptoms and inconveniences, for example, non-specificity, inconvenient administration, low therapeutic index and damage liver and kidney [12] . Plant-inferred phytoconstituents have demonstrated to display amazing cancer prevention agent properties and kill the Arsenic-incited ROS generation when contrasted with synthetic antidotes [13] . Sulforaphane (SFN), a phytochemical present in cruciferous vegetables, is nontoxic (isothiocyanates) compound recognized for its anticancer, antidiabetic, antimicrobial, and chemopreventive action in various animal models of diseases [14, 15] . Several studies have been practiced, in the previous two decades, on the wellbeing impact of SFN rich eating diet on different systems, both in vitro and in vivo [16, 17] . The real mechanism of chemoprevention activity of SFN is considered as the activation of Nrf2, by means of change of cysteine of Keap 1 [18] . Upgraded Nrf2 signaling and cytoprotective gene action incited by SFN were seen in hepatic cells, both in vivo and in vitro [16, 17] . Significantly, SFN has not been tried for its capacity to give protection from Arsenic toxicity or to other oxidative and electrophilic stress on the liver in vivo.
In earlier examinations, SFN has demonstrated the mitochondrial liver protection against cisplatin-actuated toxicity in rodents [19] and recently, Jung et al., [17] have announced that SFN enhances acetaminophen-initiated oxidative hepatic damage by abrogation of free radicals and oxidative stress in rats. Nevertheless, to the best of our insight, there is no data concerning the role of SFN in the enhancement of As-prompted oxidative pressure intervened hepatic dysfunction in albino Wistar rats. In this way, the present investigation was attempted to exhibit the recovery of hepatic dysfunction and apoptosis in rats to check whether SFN would, to some extent, improves the arsenic toxicity by means of activation of PI3K initiated Akt and Nrf2 signaling pathways. 0 C) and humidity with an alternating light and dark cycle. The animals were fed with commercially available pelleted rat chow (Champaka feed private limited, Bangalore, India) and water ad libitum. After a week of acclimatization, rats were divided into control and test groups. Six group of 8 rats were used in all the groups.
Ethics declaration
All animals (rats) received humane care, according to the criteria outlined in the Guide for the care and use of Laboratory Animals. Animal handling and experimental procedures were approved by the Institutional Animal Ethics Committee (Registration Number: BU/IAEC/2017/03), Bharathiar University, Coimbatore, India.
Drug treatment
In the present investigation, NaAsO 2 was administered intragastrically at a dose of 5 mg/kg body weight/day for 4 weeks, which was 1/8 th of the oral LD 50 values in rats [20] . SFN powder was dissolved in distilled water and given orally, 90 min prior to the administration of As, at a dose of 20, 40, or 80 mg/ kg BW (body weight) daily for 4 weeks. Vit.C was dissolved in water and given orally 90 min prior to the administration of As, at a dose of 100 mg/kg BW daily for 4 weeks.
Experimental design
In the experiment, a total of 48 rats has been used. The rats will be divided into six groups of 8 rats in each group. The groups are as follows: Group 1: normal rats (control); Group 2: As treated (5 mg/kg BW); Group 3: SFN (20 mg/kg BW) + As (5 mg/kg BW); Group 4: SFN (40 mg/kg BW) + As (5 mg/kg BW); Group 5: SFN (80 mg/kg BW) + As (5 mg/kg BW); Group 6: SFN (80 mg/kg BW) + Vit.C (100mg/kg BW). A pilot study was conducted with 3 different doses of SFN (20, 40 , and 80 mg/kg BW) to identify the effective dose of SFN against As toxicity. It was observed that SFN pretreatment with 80mg/kg BW significantly (P < 0.05) lowered the elevated levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), and γ-glutamyl transferase (GGT) in the serum of As-intoxicated rats when compared with other two doses 20 and 40mg/kg BW of SFN. Hence, we have fixed 80mg/kg BW as an effective dose for the rest of the biochemical and molecular studies. After the discovery of effective dose, the groups (6) were reduced in 4 and each contained 8 rats. There are as follows: Group 1: Control; Group 2: As; Group 3: SFN+As; Group 4: SFN alone. The total duration of the study was 28 days (4 weeks). Twenty-four hours (24h) after the administration of the last dose, the rats were sacrificed under mild chloroform. The liver tissue was dissected out, weighed, and washed with a normal saline solution. Liver tissue was minced and homogenized (10%, w/v) in 0.025 mol·L−1 Tris-HCl buffer (pH 7.4) using a Teflon tissue Homogenizer and centrifuged (3000 g for 10 min at 4
• C). The resulting clear supernatant was used for various biochemical assays. A small portion of the liver tissue was stored in 10% formalin for histopathological analysis.
Estimation of liver toxicity in serum markers
The activities of serum AST (EC. 2.6.1.1), ALT (EC. 2.6.1.2), ALP (EC. 3.1.3.1), and LDH (EC. 1.1.1.27), were assayed using commercially available diagnostic kits (Sigma Diagnostics (I) Private, Ltd., Baroda, India). GGT (EC. 2.3.2.2) activity was determined following the method of Rosalki et al [21] . using γ-glutamyl-pnitroanilide as the substrate.
Determination of δ-aminolevulinic acid dehydratase (ALAD) in blood and liver tissue
The activity from δ-aminolevulinic acid dehydratase (ALAD) was assayed according to the slightly modified procedure of Berlin and Schaller [22] . The total volume of 0.2 mL of heparinized blood and 100mg of liver homogenized was mixed separately with 1.3 mL of distilled incubated for 10 min at 37°C for complete hemolysis. After adding 1 mL of standard ALA, the tubes were incubated for 60 min at 37°C. The reaction was stopped after 1 h by adding 1 mL of trichloroacetic acid (TCA). After centrifugation, an equal volume of Ehrlich reagent (0.59 g of dimethylamino benzaldehyde in 12.5 mL glacial acetic acid + 6 mL perchloric acid + 1 mL 2.5% mercuric chloride) was added and the absorbance was recorded at 555 nm after 5 min. The values are expressed as nmol/ min/mL.
Estimation of arsenic concentration in liver tissue
A liver sample of 1g was used for the detection of arsenic concentration. Liver tissues obtained from the experimental rats were digested by thermal acid microwave digestion using Milestone Microwave Laboratory System (Sorisole (BG) Italy). The samples were heated at 150 0 C for 25 min and at the pressure of 14 Pa. After cooling to ambient temperature for 15min, the samples are diluted with 10 ml double distilled water. These samples were used for the analysis. Total arsenic deposition in liver tissue was analyzed by standard inductively coupled plasma-optical emission spectroscopy (Optima 2000 DV ICP-OES, Perkin Elmer, Inc., Waltham, Massachusetts, USA).
Estimation of lipid peroxidation markers
Lipid peroxidation in the liver was estimated calorimetrically by measuring thiobarbituric acid reactive substances (TBARS) and lipid hydroperoxides (LOOH) as described by Niehiaus and Samuelsson [23] and Jiang et al [24] ., respectively. As a hallmark of protein oxidation, total protein carbonyl (PC) content was determined in the liver by the spectrophotometric method described by Levine et al [25] . and expressed in nanomoles of carbonyl per milligram of protein.
Estimation of Enzymatic antioxidants
Superoxide dismutase (SOD) activity was determined following the method of Kakkar et al [26] ., in which the inhibition of formation of NADPH-phenazine methosulphate nitroblue tetrazolium formazon was measured spectrophotometrically at 560 nm. Catalase (CAT) activity was assayed calorimetrically as described by Sinha [27] using dichromate acetic acid reagent. Glutathione peroxidase (GPX) activity was assayed following the method of Rotruck et al [28] . based on the reaction between glutathione remaining after the action of GPX and 5, 5'-dithiobis(2-nitrobenzoic acid) to form a complex that absorbs maximally at 412 nm. Glutathione S-transferase (GST) activity was determined spectrophotometrically, following the method of Habig et al [29] . using dichloro-2, 4-dinitrobenzene as the substrate. Glutathione reductase (GR), which uses NADPH to convert metabolized glutathione (GSSG) to the reduced form, was assayed by the method of Horn and Burns [30] . 
Immunohistochemistry
To examine the protective effects of SFN on markers of inflammation and apoptosis in the liver, Bax and Bcl-2 expression in the liver were assessed by Immunohistochemical staining. Liver sections on polylysinecoated slides obtained were fixed in neutral-buffered formalin, embedded in paraffin, and were treated for Bax and Bcl-2 antibodies for Immunohistochemical analysis. The procedures were processed according to the manufacturer's protocol recommended for the Bax and Bcl-2 immunohistochemistry with slight modifications.
Following deparaffinization and rehydration, sections were irradiated with 0.1 mol l -1 sodium citrate buffer (pH 6.0) in a microwave oven (medium-low temperature) for 20 min. Then, the sections were exposed to 3% H 2 O 2 for 10min to bleach endogenous peroxidases, followed by rinsing 3 times in Tris buffer (pH 7.4) for 10 min. Sections were selectively incubated under humid conditions using an anti-NFkB antibody (1:100; Biolegend, San Diego, California, USA), anti-Bax antibody (1:200; Santa Cruz Biotechnology Inc., Dallas, Texas, USA) and anti-Bcl-2 antibody (1:200; Thermo Fisher Scientific, Waltham, Massachusetts, USA) for overnight at 4 0 C. The next day, slides were washed 3 times in Tris buffer for 10 min each. The specificity of the antibodies was tested by the omission of the primary antibodies and a positive control of rat tonsil tissue. After washing in Tris buffer (pH 7.4), tissues were visualized with 3, 30-diaminobenzidine and counterstained with hematoxylin. Finally, the sections were dehydrated in xylene, mounted with a mixture of distyrene, a plasticizer and xylene (DPX) and coverslipped. Slides prepared for each case were examined using light microscopy. Positive and negative controls were conducted in parallel with Bax-and Bcl-2 stained sections. Staining of sections with commercially available antibodies served as the positive control. Negative controls included staining tissue sections with the omission of the primary antibody.
Determination DNA fragmentation assay (Comet assay) DNA damage was estimated by alkaline single-cell gel electrophoresis (Comet assay) according to the method of Singh et al [35] .. In this method, the cells were first lysed to form nucleoids. During electrophoresis, DNA fragments (from damaged DNA) streamed towards anode while the undamaged DNA trapped within the nucleus. When they are stained with SYBR green-I, damaged DNA gave the appearance of a comet tail and undamaged DNA gave the spherical appearance. Prefrosted slides were prepared by pouring 3.0-5.0 mL of 1% normal agarose over clean glass slides. It was allowed to dry at room temperature and placed in a hot-air oven at 70°C−80°C for 30 min. A freshly prepared suspension of 100 μL of hepatocytes with 1% lowmelting-point agarose (LMPA; 1:3 ratio) was cast on to pre frosted microscopic slides, immediately covered with a coverslip and kept for 10 min in a refrigerator to solidify. Then the coverslip was removed and a top layer of 100 μL of LMPA was added and the slides were again cooled for 10 min. The cells were then lysed by immersing the slides in the lysis solution for 1 h at 4°C. After lysis, slides were placed in a horizontal electrophoresis tank. The unit was filled with electrophoresis buffer to a level of 0.25 cm above the slides. The cells were exposed to the alkaline electrophoresis solution for 20 min to allow DNA unwinding. Electrophoresis was conducted in a cold condition for 20 min at 25 V and 300 mA. After electrophoresis, the slides were placed horizontally and neutralized with Tris-HCl buffer. Finally, 50 μL of SYBR green-I (1:10, 000) dilution) was added to each slide and analyzed using a fluorescence microscope. To prevent additional DNA damage, all steps were conducted under dimmed light or in the dark. Twenty-five images were randomly selected from each sample and were examined at 200 magnifications in a fluorescence microscope connected to a personal computer-based image analysis system, Komet v. 5.0 (Kinetics Imaging Ltd., Liverpool, UK). The relative amount of DNA appearing at the tail of the comet (% tail DNA), tail length and tail moment (% tail DNA × length) were linearly related to DNA break frequency.
Quantitative real time-PCR analysis
RNA was isolated from mouse liver tissue using TriZol Reagent (TaKaRa, Japan). After using Prime Script TM RT reagent Kit with gDNA Eraser (TaKaRa, Japan), qPCR of liver tissue was performed using SYBR Green reagent (TaKaRa, Japan) on PCR detection system (ABI 7500, Applied Biosystems, USA). Rat mRNA from hepatocytes was isolated using Tri-reagent (Sigma-Aldrich) and assayed with TaqMan control reagents (ABI PRISM 7700, Applied Biosystems, The Netherlands). The following primer pairs were used for this analysis: SOD1: forward: 5′-TAACTGAAGGCCAGCATGGG-3′; reverse: 5′-CATGGACCACCATTGTACGG 3′; CAT: forward: 5′ CACTCAGGTGCGGACATTCT 3′; reverse: 5′ TCCGGAGTGGGAGAATCCAT3′; β actin: forward: 5′ AGCCTTCC 
Western blot analysis
Liver tissues (100 mg) were homogenized in RIPA lysis buffer (50 mM Tris-HCl, pH 7.4; 150 mM NaCl, 0.25% deoxycholic acid,1%NP-40, and 1 mM EDTA) containing EDTA-free protease inhibitor cocktail (Thermo Scientific, USA). The protein was resolved by SDS-PAGE and transferred to PVDF membranes. Membranes were incubated with blocking buffer (5% (w/v) skimmed milk powder in 1×TBS containing 0.1% Tween-20 for 1 h, then incubated with rabbit polyclonal antibodies for anti-PI3K, anti-Akt anti-Nrf2 and β-actin overnight at 4°C (Santa Cruz Biotechnology, CA, USA). Membranes were washed and incubated for 1 h at room temperature with HRP-linked secondary antibodies. After washing, membranes were detected by Enhanced Chemiluminescence (ECL) kit and exposed to X-ray films (Kodak, India).
Histopathology and scoring analysis
For qualitative analysis of liver histology, the tissue samples were fixed for 48 h in 10% formalinsaline and dehydrated by passing successfully through different mixtures of ethyl alcohol-water, cleaned with xylene, and embedded in paraffin. Sections of the tissue (5-6 µm thick) were prepared using a rotary microtome, stained with haematoxylin and eosin dye and then mounted in a neutral deparaffinized xylene medium for microscopic examinations. Histopathology scoring was performed to evaluate the severity of liver damage using a semi-quantitative scale. All sections were evaluated for the degree of necrosis, inflammation, vacuolization, inflammatory cell infiltration, and sinusoidal dilation. Each liver slide was examined and assigned scores for severity of changes using the following scale: None (-= 0%), mild ( + = <25%), moderate ( ++ = 25-50%), severe ( +++ = 50-75%), and more severe (++++ = >75% ) damage.
Statistical analysis
The values are expressed as mean ± SD. The results were evaluated using one-way analysis of variance (ANOVA) followed by Duncan's multiple range test (DMRT), using SPSS 16 software package (SPSS Inc, Chicago, IL). p-values less than 0.05 were regarded as statistically significant.
Results

Effects of SFN on liver serum marker enzymes
The levels of serum hepatic marker enzymes in the control and experimental rats are shown in Table 1 . Oral administration of Arsenic (5mg/kg BW) caused abnormal liver function in rats. The activities of serum hepatic marker enzyme AST, ALT, ALP, LDH, and GGT, were significantly (p<0.05) increased when compared to the control. Pre-oral administration of SFN (80 mg/kg BW) along with As group significantly (p< 0.05) decreased the levels of serum hepatic marker enzymes when compared to the Astreated rats. Restoration of hepatic marker enzymes was at a maximum using the dose level (80 mg/kg BW) of SFN when compared to the other 2 doses (20 and 40 mg/kg BW). Based on these findings, 80 mg/ kg BW of SFN was fixed as the effective dose and used for further biochemical investigations. The treatment of Vit. C (100mg/kg BW) along with As dose (5mg/kg BW) significantly (p< 0.05) reduced the alterations in serum hepatic enzymes when compared to the control and in As -treated rats. Fig. 1A shows the level of blood and hepatic ALAD in control and experimental animals. Arsenic intoxicated animals showed a significant (p < 0.05) decrease in the levels of blood and hepatic ALAD when compared to the control. Pre-oral administration with SFN significantly (p < 0.05) restored the altered levels of blood and hepatic ALAD when compared to the only As -treated rats. SFN alone did not show any changes when compared to the control. The effect of SFN on the levels of As-accumulation in the control and experimental rats were depicted in Fig. 1B. There was a significant (p < 0.05) increase in the levels of As in experimental animals when compared to the control. However, pre-administration of SFN significantly (p < 0.05) hold Values not sharing a common or same alphabet letter ( a-f ) and they differ significantly at P<0.05 (Duncan's multiple range test). 
Effect of SFN treatments on As accumulation and ALAD
back the As accumulation when compared to As -treated rats. SFN alone treated rats also showed similar results of control. Fig. 2 . The levels of TBARS ( Fig.  2A) , LOOH (Fig. 2B) , and PCC (Fig.  2C) were significantly increased (p < 0.05) in As-treated rats compared to the control groups. However, co-administration of SFN with arsenic significantly (p < 0.05) lowered the TBARS, LOOH and PCC in the liver when compared to only As-treated rats. SFN alone did not exhibit any significant changes as compared to that of control. Table  2 demonstrates the activities of enzymatic antioxidants namely superoxide dismutase, catalase, glutathione peroxidase, glutathione-S-transferase, and glutathione reductase in the liver of control and experimental rats. A significant (p < 0.05) decrease is observed in the activities of enzymatic antioxidants in Astreated rats when compared to the control. Pre-treatment of SFN along with As significantly (p < 0.05) increased the levels of enzymatic antioxidants when compared to that of Astreated animals. SFN alone treated rats showed a significant (p < 0.05) increased enzymatic antioxidants levels as compared to control.
Effect of SFN on lipid peroxidation markers
Lipid peroxidation, a process induced by oxidative stress, is the primary indicator of oxidative damage to liver cells. The changes in the levels of hepatic thiobarbituric acid reactive substances, lipid hydroperoxides, and protein carbonyl content in control and experimental rats are shown in
Effect of SFN treatment on enzymatic antioxidants level
Effect of SFN treatment on non-enzymatic antioxidants level
The changes in the levels of hepatic non-enzymatic antioxidants namely reduced glutathione, a total sulfhydryl group, Vitamins C and E in the liver of control and experimental rats are shown in Table -3 . A significant (p < 0.05) decrease in the levels of hepatic nonenzymatic antioxidants was observed in rats treated with As when compared to the control. Pre-oral administration of SFN (80 mg/kg BW) along with arsenic significantly (p < 0.05) renovated the levels of hepatic non-enzymatic antioxidants to near normal. SFN alone treated rat also showed a significant (p < 0.05) hiked levels of non-enzymatic antioxidant when compared to control. 
Effect of SFN treatments on immunohistochemistry
The effect of SFN on Arsenic induced expression of immunohistochemistry such as Bax and Bcl-2 proteins are given in Fig. 3 and 4 . A significant (p < 0.05) expression of Bax was observed in As-treated liver tissue ( Fig. 3B and C) when compared to the control (Fig. 3A) . However, pre-treatment with SFN caused a significant (p < 0.05) reduction (Fig. 3D ) in the overexpression of Bax in As-treated rats, when compared to the control and As -treated rats (Fig. 3A&B) . SFN alone (Group IV) treated rats showed significant decreased expression of Bax (Fig. 3E ) when compared to control.
The Immunohistochemical study of Bcl-2 (Fig. 4 ) revealed moderate expression in control (Fig. 4A) animals. There was no significant (p < 0.05) Bcl-2 expression observed in As-treated rats ( Fig.4B and C) compared to the control groups. On the other hand, pretreatment with SFN to As -treated rats significantly (p < 0.05) increased the Bcl-2 expression (Fig. 4D ) when compared to As-treated rats. Similarly, SFN alone (Group IV) treated rats showed significant increased expression of Bcl2 (Fig. 4E ) when compared to control and As-treated rats. Fig. 5 shows the alterations in the comet assay parameters of control and experimental rats. A significant (p < 0.05) increase in different comet assay parameters such as % DNA in the tail, tail length and tail movement (Fig. 5A and B) were observed in rats treated with As when compared to the control. Pre-treatment of SFN along with As significantly (p < 0.05) reduced the % DNA in the tail, tail length and tail movement in hepatocytes. SFN alone treated rats showed no or minimal DNA migration as compared to control. 
Effect of SFN treatments on liver DNA damage
Effect of SFN treatments on RT-PCR
To further confirm the protective role of SFN on As-treated animals, RT-PCR changes in control and experimental rats were shown in Fig. 6 . A significant (p < 0.05) decrease in the levels of SOD1 (Fig. 6A ) and catalase (CAT) (Fig. 6B ) mRNA appearance was observed in As-intoxicated rats when compared to the control. Rats pre-administrated with SFN significantly (p < 0.05) increased SOD1 and CAT levels in the liver tissue when compared to the As -treated rats. SFN alone treated rat also showed a significant (p < 0.05) increase levels of SOD1 and catalase mRNA appearance as compared to control and SFN+As group. Fig. 7A represents the western blot analysis of Nrf2, PI3 and Akt in liver tissue of control and experimental groups. Densitometric analysis of Nrf2, PI3 and Akt by western blots is given in Fig. 7B . The expression of Nrf2 significantly (p < 0.05) down-regulated along with PI3 and Akt in As-intoxicated rats. Pre-administration of SFN resulted in a significant (p < 0.05) upregulated expression of Nrf2, PI3 and Akt when compared to As -treated rats. SFN alone treated rats did not showed any significant (p < 0.05) expression on Akt, PI3 levels however, Nrf2 significantly (p < 0.05) upregulated when compared to control and As + SFN group.
Effect of SFN treatments on western blotting
Effect of SFN treatments on histopathology
The histopathological studies showed that arsenic administration induces severe pathological changes in the liver histoarchitecture (Fig. 8) and further confirmed by histological scoring in control and experimental rats ( Table 4 ). The liver of control rats (Fig. 8A) and SFN (Fig. 8E ) treated rats showed a normal histoarchitectural pattern of the liver. However, As-exposure resulted in extensive degeneration of hepatocytes with necrosis (NEC), inflammation (INF), vacuolization (VC), inflammatory cell infiltration (ICI) and sinusoidal dilation (SD) (Fig. 8B and C) when compared to control rats. Pre-oral SFN administration to As-treated rats (Fig.  8D) showed near normal hepatocytes without any pathological cypher when compared to control (Fig.  8A ) and SFN treated a rat. SFN alone treated rats did not show any histological changes as compared to control. Values not sharing a common or same alphabet letter ( a-f ) and they differ significantly at P<0.05 (Duncan's multiple range test). [36] . However, a scarcity of literature is observed for the activation of Nrf2 by SFN through the PI3K/Akt pathway in Asinduced liver injury. Nowadays the positive effects of sulforaphane (SFN), widely distributed in cruciferous vegetables (broccoli sprout) have gained more attention. The results indicated that the anti-oxidative property of SFN contributes to the protection against As-induced hepatotoxicity, and the protective effects are related to the activation of the Nrf2/SOD1-PI3K/Akt signaling pathway.
The liver is the major target organ for arsenic toxicity and carcinogenesis. Arsenic toxicity involves oxidative damage that plays an imperative role in biochemical alterations [37] . Loss of hepatospecific enzymes in blood serum has been considered as an indicator of hepatic dysfunction and damage. Mostly, serum AST, ALT, ALP, LDH and GGT are the susceptible markers in the diagnosis of hepatic injury [38] . In the present study, we observed, a significant increase in AST, ALT, ALP, LDH and GGT among As-intoxicated rats probably resulting from hepatocytes membrane damage. This result is in accordance with the previous studies using arsenic and other toxicity in the liver [37, 39] . This may be due to As-induced free radical damage in the lipid membrane of hepatocytes seep out these enzymes in the cytosol released into the bloodstream which indicate the liver damage [40] . However, preadministration of SFN remarkably improved these altered hepatic markers by arsenic via its membrane-stabilization properties against ROS-mediated oxidative hepatic injury [41] . Our study suggests that SFN is diminishes cellular oxidative stress/ROS levels and protects the liver injure.
δ-Aminolevulinic acid dehydratase (ALAD) is a sulfhydryl-containing enzyme that catalyzes two molecules of aminolevulinic acid (ALA-substrate) to porphobilinogen during heme synthesis pathway. The reticence of ALAD leads to anaemia and inhibits heme synthesis and shorten the lifespan of circulating red blood cells stimulating the excessive production of the hormone erythropoietin, leading to poor maturation of red cells from their progenitors. In the present study, administration of arsenic exerted a significant depletion in the levels of blood and liver ALAD. This may be due to the high affinity of As with sulfhydryl enzymes, might possible to inhibit the activity (ALAD) direct to significant decrease in levels of aminolevulinic acid (ALA) in respective tissues. Therefore, there was a possibility of increased ALA might generate more reactive oxygen intermediates (ROIs) in the blood and liver tissue. This result of the present study was already in line with the previous report of Bhadauria and Flora, [42] . Restoration of ALAD activity was observed in SFN pre-treated rats compared with As group, due to the direct scavenging of reactive oxygen species (ROS) by SFN and its ability to inhibit the thiol group oxidation in both blood and liver tissues.
Inorganic pentavalent arsenate (iAsV) and trivalent arsenite (iAsIII) are water-soluble compounds and are easily absorbed from the gastrointestinal tract, via biotransformation and eliminated by urinary and faecal excretion as the monomethyl arsenic acid (MMAV) and dimethyl arsenic acid (DMAV) and remains were accumulated in various internal organs, such as liver, kidney, heart, and spleen [43] [44] [45] . In the present study, a significant accumulation of As was observed in the liver tissue when compared with control rats, which corroborated with the previous report of Chen et al [46] .. This could be due to the metabolism of arsenic Table 4 . Effect of sulforaphane and arsenic on the histopathological scoring in liver tissue of control and experimental rats. Scoring was done as follows: None (− = 0%), mild (+ = <25%), moderate (++ =
that is involved in the reduction of arsenic pentoxide into arsenic trioxide that increases the toxicity and bioavailability in the liver as the monomethyl arsenic acid (MMAV) and dimethyl arsenic acid (DMAV). However, pre-administration of SFN to As intoxicated rats showed a significant reduction in the levels of As accumulation as compared with the control group. This could be due to the conjugation of SFN with glutathione, is closely related to its antioxidative potential ameliorates the As accumulation in the liver tissue. Arsenic act as a pro-oxidant in biological systems and cause lipid peroxidation, which is a basic cellular deteriorating process in the liver [47] . Profound free-radical generation and enhanced lipid peroxidation are the dual face of oxidative stress that initiates the pathogenesis of arsenic-induced hepatotoxicity [48] . In addition to lipid peroxidation, protein carbonylation served as a validated marker for protein oxidation, particularly of the proteins containing amino acid residues like lysine, arginine, proline, and threonine. In the present investigation, there was a significant increase of TBARS, LOOH, and PCC in the liver of arsenic-exposed rats, which confirms the onset of hepatic oxidative stress with an earlier report of Muthumani and Miltonprabu [37] . However, administration of SFN, prior to following As treatment, ameliorated the oxidative stress markers and led to the significant recuperation of all the above-mentioned parameters. Thus, pre-treatment with SFN protests As-induced hepatotoxicity could have been the presence of N=C=S groups in its structure and scavenging As generated free radicals before they reached to the cellular targets.
Indeed, in many systems the cell death was occurring due to reactive oxygen species (ROS) surplus production and the suppression of detoxifying enzymes [49] . To confirm the protective effect of SFN we conducted the experiments by measuring the levels of enzymatic antioxidants in control and experimental groups. Antioxidant enzymes, such as SOD, CAT, GPX, GST, and GR are considered to be the successive contour of cellular defense against oxidative stress-mediated injury in different organs [37] . Assessment of these antioxidant enzymes is an appropriate indirect way to assess the As-induced liver toxicity. SOD is an enzyme responsible for the conversion of superoxide radicals into less harmful products like hydrogen peroxide, while CAT brings about the reduction of hydrogen peroxide and protects tissues from the highly reactive hydroxyl radicals [50] . In the present study, As-intoxication significantly reduced the activity of hepatic SOD and CAT which is in line with the finding of Varghese et al., [51] and Muthumani and Miltonprabu [37] . Glutathione-related enzymes such as GPx, GST and GR function either directly or indirectly as antioxidants to scavenge the free radicals in the body. GP X is a selenium-containing enzyme that uses glutathione in decomposing hydrogen peroxides to nontoxic products. In the present study, Arsenic administration lowered the activities of GP X , GST and GR in the liver.
Nutt et al., [52] reported that the decreased levels of these enzymatic antioxidants in As-treated rats were mainly due to direct inhibition of complex-I mitochondrial electron transport chain, which results in mitochondrial permeability transition, coupled with the generation of ROS and thiol oxidation, which is in accordance with the results of this study. Interestingly, SFN significantly recouped these antioxidant defense systems by bringing them to normal levels. This restoration was mainly due to the strong antioxidant property of SFN and the presence of Isothiocyanates electrophiles at the central carbon atom of the -N= C= S group, which reacts readily with sulfur, nitrogen, and oxygen-based nucleophiles and can directly participate in the activation of Nrf2 Phase II antioxidant under physiological conditions [53] .
The reactive oxygen species (ROS) can react with fatty acids and produce highly toxic lipid peroxides and damage the antioxidant skeletal systems that lead to cell death. In this study, we demonstrated that the administration of Arsenic significantly decreased the nonenzymatic antioxidant levels, such as GSH, TSH, Vit. C and Vit. E in liver tissues which are in line with the previous report of Manimaran et al [53] .. Similarly, Muthumani and Miltonprabu [38] also reported the impact of As on the decreased levels of non-enzymatic antioxidant in hepatic tissue are well corroborated with our present results. This may be due to the high levels of As-induced ROS generation and formation of arsenic-glutathione conjugates and causes severe depletion of glutathione and its subsequent cellular redox in the liver [54] .
Pre-administration of SFN has shown the defensive mechanism via preventing the depletion of total glutathione and GSH which lead to increase the ratio of GSH/GSSG and other nonenzymatic antioxidant levels. This may be due to the ability of SFN by protecting the SH groups from the oxidative damage and inhibiting the membrane peroxidation and exhibition of membrane stabilizing properties [55] .
Apoptosis is closely associated with ROS homeostasis that is essential for various biological processes in normal cells. The Bcl-2 (B-cell lymphoma-2) family proteins are key regulators of physiological and pathological function. The family consists of cell death promoters Bax, Bad and cell death inhibitors Bcl-2, Bcl-XL, and others. It has been demonstrated that the high ratio of Bax/Bcl-2 is associated with greater vulnerability to apoptotic activation [56] . In the present study, upon administration of Arsenic increased the pro-apoptotic marker Bax (Bcl2-associated X protein) through down-regulation of anti-apoptotic marker Bcl2 in liver tissue which is in agreement with the earlier report of Thangapandiyan and Miltonprabu [57] . This could be due to the amplified echelon of ROS through As-induced persistent stress in the hepatic portal vein causing irreparable hepatic injury. SFN pretreatment significantly increased the level of Bcl-2 and decreased the Bax levels in As treated rats as described earlier by Chi et al., [58] . This result suggests that SFN exhibits antiapoptotic goodness through the modulation in the Bcl-2 family proteins.
DNA damage is an alteration in the chemical structure of nucleic acid, such as a break in a strand of DNA or a chemically changed base as 8-OHdG that occurs naturally resulting from metabolic or hydrolytic processes. Metabolism releases certain compounds such as reactive oxygen species; reactive nitrogen species, reactive carbonyl species, lipid peroxidation products and alkylating agents will damages and cleaves the chemical bonds in DNA [59] . In the present study As inhibits nucleotide excisin repair involved in the removal of a broad spectrum of DNA lesions induced as the repair of oxidative DNA damage. Moreover, Asinduced ROS disrupts the function of zinc proteins such as XPA and PARP1 thus decreasing the DNA repair capacity and suppresses the expression of key genes in DNA repair via ubiquitin-mediated proteolysis pathways. Additionally, the accumulation of ROS induces cell death by damaging cell membranes through lipid peroxidation. This involves radicals, including ROS and reactive nitrogen species (RNS), interacting with polyunsaturated fatty acid and phospholipids causing DNA damage [60] . Pre-administration of SFN protected the DNA oxidative damage and DNA fragmentation induced by As which was appended to the previous report of Chi et al [58] .. One possible mechanism is that SFN would allow the interception of free radicals generated by As before they reach DNA and presume contribution to DNA repair.
In our study, RT-PCR results showed the activation of SOD1 and CAT in As intoxicated rat prior administrated with SFN when compared to control. Leslie et al [61] . reported that As or iAs (III) readily undergoes GSH conjugation to yield As (SG) 3 , which is pumped out to the extracellular space and adduct/suppressed the GSH production. Thus, we postulated the increased SOD and CAT isoforms proteins, during pretreatment with SFN that activate the Nrf2 would facilitate decreased As -accumulation in hepatocytes. The current result shows that the treatments with SFN significantly increases Nrf2 protein and ARE promoter activity, and enhances the mRNA protein of Nrf2 target genes, such as SOD1 and CAT activities in Asexposed animals. This result is well accordance with the previous report of Chen et al, [36] . This may be due to SFN induced Nrf2 antioxidant which can be encouraged a wide spectrum of the phase II gene may account for the protection against As induced liver toxicity.
The anti-apoptotic PI3K/Akt pathway is essential for cell survival. The phosphatidylinositol 3-kinase (PI3K) pathway has been well documented as an important signalling transduction pathway that regulates cell growth, proliferation, survival and migration [62] . The v-akt murine thymoma viral oncogene homolog 1 (AKT) is a critical mediator of cell survival [63] and AKT is activated by phosphatidylinositol-4, 5-bisphosphate 3-kinase (PI3-K) in response to growth factors, Ca 2+ influx, and extracellular stressors such as oxidative stress [64] . A wide variety of phytochemical from natural products, such as epigallocatechin gallate, naringenin and DATS has been well documented against oxidative cell damage via PI3K/Akt/Nrf2 [65] . The molecular mechanistic pathway of PI3K/Akt is beginning with the extra cellular oxidative stress that activates tyrosine kinase present on the cell surface. Once, biding profitably made the PI3K is activated and stimulate the anti-apoptotic kinase which leads to Nrf2 phosphorylation from its suppressor gene Keap1, thereby facilitating the translocation of Nrf2 to the nucleus and thereby stimulating phase II antioxidant enzymes [66] . Recently, SFN was found to induce Nrf2 mediated antioxidant dependent pathway in liver cells which was reported by Richard et al [67] .. However, SFN activates Nrf2 and other subsequent antioxidant in the liver via PI3K/Akt signal is still unknown. In order to prove, we observed that decreased PI3K/Akt levels in As-intoxicated rat with decreased Nrf2 levels as compared to control, which may be due to augmented ROS level cause hepatic damage. Pre-administration of SFN significantly arrest the formation of free radicals and oxidative stress in As-intoxicated animals which are in line with the earlier report of Xian et al., [68] . Because, SFN has already been well documented for its antioxidant and antiapoptotic property in various organs [69] . However, the precise molecular mechanism for activation of Nrf2 by SFN is still unclear. We demonstrated the first time for the activation of Nrf2 gene via PI3K/Akt mediated signaling pathway in liver tissue. The most abundant glucosinolate in broccoli is glucoraphanin, which upon hydrolysis by myrosinase or intestinal flora yields the isothiocyanates and sulforaphane (R-1-isothiocyanato-4-methylsulfinyl butane, SF). After absorption, sulforaphane (SFN) undergoes conjugation to glutathione, a reaction catalyzed by Glutathione-S-Transferases (GST). Subsequently, step-wise cleavage of glutamine and glycine by the enzymes γ-glutamyl transpeptidase (GTP) and cysteinylglycinase (CGase) respectively yields L-cysteine conjugate. This latter acetylated by the enzyme N-acetyltransferase (NAT) to produce N-acetyl-L-cysteine thus activates the PI3K/Akt signaling pathway might activate the nuclear factor 2 (erythroid-2 related-Nrf2) in defending against a number of oxidative cellular redox homeostasis and limiting oxidative hepatic damage [70] .
Histopathological study showed many abnormalities in the liver of As-treated rats, including necrosis (NEC), inflammation (INF), vacuolization (VC), inflammatory cell infiltration (ICI) sinusoidal dilation (SD) and distinct damage of cytoplasmic organelles. This obtained histopathological abnormalities demonstrated that the As compounds generate reactive oxygen species during their metabolism, in cells and causes tissue damage [37] . In the present study, the findings of liver injury were markedly attenuated in the SFN pretreated group. The results of this study further supported by the up-regulation of endogenous antioxidant through the activation of Nrf2 can prevent the hepatic damage and maintain the normal histoarchitecture.
Conclusion
In summary, the results of the present study demonstrated that SFN afford therapeutic and prophylactic efficacy against As induced oxidative hepatic damage through its strong antioxidant property. SFN ameliorated the As induced alternation in liver through the activation of Nrf2 by PI3K/Akt mediated pathway. Moreover, Nrf2 has emerged as a target factor for wide battery of genes that aid in the detoxification and elimination of As induced liver oxidative damage (Fig. 9 ). Further in-depth studies may establish this bioactive sulforaphane, as a possible candidate for the treatment of arsenic-induced oxidative stress associated liver complications in near future. 9. Graphical abstract shows the protective molecular mechanism of SFN against Asinduced oxidative stress in the liver via PI3K/Akt mediated Nrf2 signaling pathway. 
